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S-g- ^-#^51 ^^-o. t^*]. ^(Atomic layer deposition) *3 , SE^, eJS. 
— #e}^°> 3^71 #^3}- (remote plasma CVD) -o^A5. ^J^b 



£ 3c 
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o>i^l 7fl o)e ^-^^^ {METHOD FOR FORMING METAL GATE OF 

SEMICONDUCTOR DEVOIE} 

£. la ^ S. lb^r ^2fl 7}^o\] 145} isl^f Ol-g-^fl^ ^e)3- A}5j-nj- ^ 
<*f| ^ TiN WN^ ^i€(W)^-8- ^ -8-lKC)-3itf 

(V) ^Hd^g- SAltV ZL5flS. 

5E. 2a vflx] £ 2cxr #efl 7l#ofl nj-sj- TiCl 4 +NH 3 ^ 1£-*fl ^ 

^-5. TiN ^4=- 7))o)i=o\}^o) ^3 -§-^(F)-^°J-(V) ^d-§- 5^1*]- 

£ 3a £ 3ctt ^3 4^HH <4€- ^^«o v ^# ^ 

1 : 71^- 2 : ^^s^ 

3 : 7flo]E ^o|n|- 4 : Hfle)ol 

5 : TflolS-g- 6 : n>i£l^ 

10 : ^ TflojE 
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<9> al^l i*}^ TflojE ^^«J-^ofl ^ ^ o.^, iLcf ^Ml 

SMIfe, 711 o]e ^ ^^>» y oM^ 5£*r #51*11 ^ 711 o] 

<io> ^1^ v>}<i\. Qo], 2.i^(M0SFET)°ll^^ tH^h 7fl£.S^ 

oil o^*v ^sKKSi0 2 )°l , =l£\jl, tIIoIeo^ 7fl 5.5.^ l-e^^^M ^ 

3. ^sq^ #t}. ZL^iHl, a>£*H ^>o] ^^£ 7 > ^7>s^*l, TflolE^ ^ 
711 °1M ^1 ^7> f-^1 A^E)J1 flfe^, 711 olE ^<£^ 

*]7fl sl^ T >^7l 711 ^<2^* -f-Sfl n}ola)E E^^(direct tunneling)^ ^ 
& 71^71 *ll-g-oll, ^3-°^, 4i^> ^ol ^^ol^l ^>7ll 51 

<n> ofl^M, ^*fl <#^<y i^l ^ (DRAM) ^ S.*! (Logic) i^f^l 7)1 o]e |^d|o 

3.^ ^^M- 70nm tfl^-^S.*] (technology) ^*H1 3-§-lMl , 

30-35A nsj ji, di^^ ^-^Ml^ 13-15 A 

^J£<q ^-7ll7> afl-a-sl^ w>, TllolM ^#sl^(gate poly depletion)^ ^} 

^ ^71-sl^ 7fl *IM3 3-8 A ^51?>*1 sM, 15 -30 A ^§i^ TIME a> 

S^o] ^>xl^ ^71210] -^ (Teff)1 . ^Al7l^tHl olBl-g-ol o^cf. 
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^M", ^Efl 7l^ofl n}-5}- 711 ojE A <H1 

711 °m-g- ^#£r, ^31 El ^(sputtering), £E^, CVD ^8<H1 

ol-ol^l^l S)^C-11 ( o]trJl ( # 7 j TflolJE-g- ^nV, S.^ f ttfl^o^ 

£ la ^ £ lb^r ^Hfl 7l^<Hi ttfe} ^E^^ ol-g-slH 
S. ol^ol^l TflojE s£d\) ullelcH^^ TiN WN^ 7ll olE-g. 

^^LsLT.i ^^^( W )^ £7.}^ ^ O-ofl^o} E^liElSl ^2} 



21-6 






1020000085582 



n <a*)-: 2001/9/18 



<17> 



^-O}, AlsJ-^-O.^. 0}^0]7± TflolE ^o^nV AH1 till A °] 



3*1 ^ -#eHHtt ^^-%■^-# < & ^M3°l #*J(TiN WN) ^ i3]E^ 

*8 fHKlMP, collimated, conventional)^ 37)1 ^ ^ (hump)^-S. ^s} 

<^ lE12/eV-cnf ^£^1 -n^tr ^1^ ^tr interface trap density)^ 1E12/ 

cnf °1 ^(hysteresises "^^H ^Sj-t- ^o^l (oxide trap charge) 

1- M-B^-lfl^ ^, TflojE ^<gn|- 7l^3f^ A]z}-tr 

^-B^•^El=r. 

<18> tr^, A o V 7ltr 800 "C -H£r -f-^H $5. ^-R-^ 

*r &*|t>, 3r^tr TflolE ^aV 3^0. 7]c}m ^ $0.^, JS-*) f Jl£ 

(Teff)7> ^7}^±r #^<>1 

<19> 5. 2a ^fl^l £ 2c^r 650 M JL-gr<HH TiCl 4 +NH 3 ^ 1^-*H ^-^S 

TiN ^ TflolHoflA^ ^3 -g-^-^-a- £A]^ ZLEflSo)r4. 

<20> H>4 ^-ol; ^zj- S.^ E ^H^^iEi ^ 9] 

n ^€ ^ 7 A -^4 ^"tfl^ ^StVcf. HS^-, 3h^2\ ^ofl TflojE 

^<£^ #713 ^MKTeff) ^7>fil- a>^-# ^7>, ^, O]^ 

(hysteresis)^l ^7}S. 91^}^ GOKGate Oxide Integrity) ^ ^sl-7> ^zflsH 
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<21> 



^ ^ *)--§-] 



<22> 



^*Rr #31; ^ ^7] TflolE-g- HfleH ^nl- Rl TllolH 

* zflBi^Rr #7H# i^^, ^-71 afield TflolH-g. ^nVo} ^ 

#€7> ^(Atomic layer deposition) *3 , B1-E.S #^p> s}-*j- 

7l#^*K remote plasma CVD) ^^AS ^«}^ 3}^- 0.3. 

<23> £ Mj^ofl 4^, afl Sl TflolE-g. ^-^nvo. ^ ^ 

HL^r, S12.H #5l-^n> CVD nfl&ofl , #7l ^S>\ 54*<HH 

1H8€ *r 711 ol E ^« ^H^I ^ &t}. 

<24> (^AHl) 

<25> £ 3a vfl^l £ 3ctt ^3 ^a^HI nf^ ^ tIMe ^uj-o]^ ^ 

<26> £ 3al- ^Hl^ 7)^(1)^- oV^^Jl, 4V 7l ^Sl^ 7l^-(l)2l 

^ ^^°\) Sr3*Rr 1=31*1^3 ^7^51^(2)^. «J^*1C1-. ol 
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nfl, #7) ±7\^^-(2)^r LOCOS *g^*Rr 3 51 7>^^nf. #7l 

7l^(i)^ #°T| 1#<zf *3l 10-40A #2}- 

650-900 "C^ sm^CfurnaceHH ^(H 2 /0 2 ) SE^ £#(0 2 ) ##£.5. 
o] wl^^i}. 

tHS, ^7} 7))o}^ ^^(3)^.S.^\ #7] <g#sf ^-^ofl ^eJS A>s}. 

^ v tfl^ofl, A1 2 0 3 , Ta 2 0 5 , TiO^ Zr0 2( Hf0 2 , Zr-^eHH^, Hf-^&MHi=, 
La 2 0 3 , ^ 3^^1 ^ ^^(ZrAlO, HfAlO, ZrSi0 4 , HfSi0 4 ) #°ll*l ^5]^ 

^ *H1 2L«KKultra thin)^ ^e)^- #^-^vg- *§-^*Hir 7^1-4. 

* £E^, Hl*^ &5)7)°\}*\ 10-3003, , 

H^r, 10-100^:^ ol-g-sflA-1 ^vj^ ^« ^ ^0.^ , o>-g-^ 

, UV-^ ^el* ^J£ ^4. 

atb, I^H^ ^^4, #71 TIME ^<^BV ( 3)^ E^U] ^ 

M 7fl3|]AlEil- *g#§ fl-^, o]nfl^ -o^^o.^^ 0 N^, Ta 2 0 5 ^-, 

A1 2 0 3 ^ ( BST^h ^ SBT^- ^aj^^ oj-g-^- ^ 01 cf. 

£ 3b# #2:^, #71 Tfl o]E ^^^(3) #°fl «fle| ol ^-^(4)4 711 olE 
-g- ^^-(5)* ^Bfls. ^^\JL, # 7 ] TflolE-g. ^^-(5) #ofl SfJEL 
(6)* f^t^}. #71 UflsH ^-^n| (4) ^ 7]|olE.g- ^nV (5) o. 
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(metal penetration), SE^, ^ ( implant at ion) A JL3|-# 
>H, JL£- o}^ ^a}- ^ > ofl^cil, ^aV (Atomic Layer 

Deposition: ALD) ^ , 2E^, e]£I l-e^-^X remote plasma) CVD ^^^.5. ^ 

<30> a} 71 ^ , #7l ^--^ # ^ ^§ 150-350 °C <H1 *1 o]^^ £.0. ^ ( C yc 1 i C 

dosing)^ sRHpurgingH ^tb 7}^>7l nfl-g-ofl ^oje ^0^(3) 4 7) 

*>°1^ ^ ^ ^71 TflojE ^c^^( 3 ) *>*fl£l 151-1- i|J-X|^ ^ ol 

4. A o v 7l cJ^U} ^ *r3H, #^1 (precursor)* *\ % (purging)*^ 

N 2> NH 3 , 5E^, ND 3 o]^ £}i4* A}-g-s>n} f ^-£7> 50~450°C , 

<£§H 0.05-3 Torr<?] 2i&<LS. ^*8^M v}&z\ffrt\-. 
<3i> ^-71 elSJE #e}^> CVD ^7]bHH -^ej-^pi-g. ^^5}^ ^-8: 

^*\7) nfl^ofl #71 ^4 Jr^* oi^r ^ SX^. 3 

5. B. ^s}^} CVD ^^l, #2f^r ECR(Electron Cyclotron 
Resonance)* ^r-g-^M , ^Hr^ 2.0-9 GHz, -t^ff <^7] 7}il/1 
He, Ar, Kr, JEE^r, Xe* ^>-g-^l s>cf. SEth -#7l £}2.S #e^^> CVD 
^^1, Ti^ ^-S: ^^31 -flwl «-e<Hl^ 

H , N£] ±SL + ±r #Sl-^> c^7lAl^Ai $11 ol 3] »eo S S^Sj^ *v 

<32> #71 aflslol ^^-(4)^ TiN, TiAIN, TaN, MoN 3l WJ9.S. ^l^^^l 

nM-^s.^] ^i^Slfe sVM-S ) zl ^f-^lfe 50 -500 A 

f"°l "r^W. 5E*h #7l Tllols-g- ^51.(5)0. w T3( AU TiSix> CoSiX; 
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^ NiSix ^£]tt ^^5>^i4, #^3^4 ^^^l^s}-^- 

^ ^iSH^ 3^ ^(poly-Si /WN/W) 3. ^SM, ^f-Tfl^ 300-1, 500A ^ 

^^-^-(Si 3 N 4 ), S^, ^5|-^-(Si0N)-2.S 300-2, 000A 3 

<33> ^-7loflAi ( #ej-z~n|- CVD ^AS. «fl ^ o] <%&n , TiN^I ^ 

aM«flfe Ti^ iiiS^i TiCl 4 , TDEAT, SE^, TDMAT ^°\)^ *>M-» A }-§- 

*}51, =LB]J1, :£_£^L^r N 2> NH 3 , ND 3 ^<HH §>i4# 

Stb, ^^©.S.^ TiAlN-i: ^ ^-f, Ti^ 

TiCl 4 , TDEAT, £E^, TDMAT #<^H ©^ *m* *]--§- a>Jl f ^Sl^S.^ N 2 , 
NH 3> 5E^-, ND 3 #°1H s>v4» a>-§-^ ( i^S^r A1C1 3 , 5E^r, 

TMA[A1(CH 3 ) 3 ]# A^^Vnf. t\]AA, «fl^°l TaN* ^ «- 

Ta4 iiiS^ TaCl 4 , 2^b, Ta tert-butaoxide# ^V-g-^ji, ±Sl^S.^ 
N 2 , NH 3 , 5E^r, ND 3 *>M-» *}~§-^4. ol-i-al, ^^.2.3.^ 

MoN# ^-f , Mo£] i^-iSb MoCl 4) MoF 6 , iEfe, Mo tert-butaoxide* 

^-§-^, 4iO_^S.fe N 2 , NH 3 , Hife, ND 3 ^-§-^4. a 

th aflsH WN-§r ^l!" ^£. + 3,±r WF 6 , SE^r, WC1 4 * 

A>-§-sfji, NS) N 2 , NH 3 , iE^, ND 3 f^H ^>q-# A>-g-*V4. 

<34> £ 3d- ^^Tg_ i£JX]4iZL2f2l ^ ^>7] 5>= nfA 3 D|( 6 ) 
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<35> ^7]2f ^ ^% ^ ^3tt ^ TlMJL(lO)^ ufle^ ^g- 

^(4)-g- if"*}- 7lMH-g- ^*K5W ^ BE^ 

<36> 3^ ^MH^r #33*! ^o]E tg^ ^ > TflojE ^c^aZf 

4 D >^l(damascence) ^SMS. ^-g- 7>^^H , , HfleH ^-#^4 7JM 
— -§- f^Kg- ^ SE^ S]£S CVD ^-§- oj-g. 

*Rr ^-g; c^p>a1 ^-t- o] 711 o]e ^ ^-8-^: , 

<37> ^oj, ^o. ^ 711 ojE^- ^^3, 711 

olS-g- #3" ^ SE^- 2]£1 l-^n> CVD ^°-3. 
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^H3* %M>^m ^ sa<4. 3=#, #7] #^7} ^av £ 
elfii «^^> CVD ^tH^^Kstep coverage )7> -?-^7l nfl-g-ofl 

<38> 7]^, £ ZL JS.^7> ^$HH, Cf^Tfl ^ 



21-13 



1020000085582 ^^>: 2001/9/18 

[3^* 1] 

#7l TflolM 4 Vo fl aflBl^ ^#^4 T^E^ ^nV-g- £* >JL ^zj. 

*m #31 ; Si 
311- 

^"71 «il5]o1?v 7])o}E.%- ^-^2) #^*r ^2]- (Atomic 

layer deposition) , 5E^, ajS-M. 71^-^^- (remote plasma 

2] 

*fl'l *<H1 ^7l ^-a-sl- ^£ 650-900°C^ 3}u)i(f U rnaceHH 

^(H 2 /0 2 ) £^(0 2 ) a o v ^-2.S ^*8«Rr 3* ^-^-S. S r *r #iE*fl 4i*> 

3 ^ TftolE <§^^. 
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3] 

4 1 &°H. ^leM TiN, TiAIN, TaN, MoN ^ WNAS. 



4] 

*)1 1 *cMl 91°]*], #7l ^€^> ^(Atomic layer deposition) 

(precursor)!- ^ ^ (purging)^ N 2 , NH 3 , SE^r, ND 3 f^l 

Ai A>-g-sr>^ ( ^£7> 50~450°C, ZL^Jl, <y-^o] 0.05-3 Torr<?i 2i 

&°.3. ^*Kr 3* ^3 -2.3. Sj-Tr aVjE^l ^>o^ =-4? TIME ^tij-u] 
[^T 1 * 5] 

#ef^^> ilii^ ECRCElectron Cyclotron Resonance)^- ^}-g-^>^ , ^r^r 
^ 2.0-9 GHz, ZLE^Jl, #fif^n> ^ 7 ) 7>>i3.>H He, Ar , Kr, S£^, Xe« 

[$^* 6] 

*H 3 %><H1 <#7] TiN^ Ti^ 4i.SL^S.fe TiCl 4 , TDEAT, SE 

fe, TDMAT ^<HH °1 — ^rM"# A }-§-*f ^ , N 2 , NH 3 , 5E^, ND 3 ^ 
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7] 

*fl 3 « 0 H1 &<>H, -SM TiAlN^ #^-a1 ; TiS] i^iSb TiCl 4) TDEAT, 

3E^, TDMAT #°IH <Hi^ A>-g-^>ji ( Al^ A1C1 3 , 

TMA[A1(CH 3 ) 3 ]1- ^>-0-*H, m i^iS^ N 2 , NH3, 5E^, ND 3 ^ 

81 

Ta^ ^iiSfe TaCl 4 , JEfe-, Ta tert-butaoxidel- A}-g-£} jl , ^Sl^ 
S.$r N 2 , NH 3) JEfe, ND 3 o]± *>u}l- A>-g-*>^ ^.g- s^jos. ^ 

9] 

*fl 3 5tM^, ^7) MoN^ ^a], 

Mo^ MoCl 4) MoF 6 , Mo tert-butaoxidel- a]~§-s;}-jl, 

^^^S.^ N 2> NH 3( 5&fe, ND 3 #ofl^ §>u|-# a}-^}^ 3J-§- ^o.^ 

10] 

WS] WF 6> WCI4I- a>-§-§>ji ( iiiS^ N 2 , NH 3 , IE 
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111 

*0 1 *<H #7] XM^-g- ^isvo W; Ta A1> TiSix CoSix> ^ 

NiSix ^slfe s>q-o] 3^ s^io^ ^ Hi-c^ ^ Til 

[^T 1 * 12] 
[^T 1 * 13] 
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t£ la] 

5.0X10" 10 

4.0X1 0" 10 
£ 3.0X1 0" 10 - 

HO 
0)0 

*J 2.0X1 0 -, ° 
«r 

1.0X10" 10 
0.0 



[5. lb] 

5.0X1 0- 10 



4.0X10 



-10 



£ 3.0X1 0" 10 
nJO 

do 

R-J 2.0X1 0 -10 



1.0X10' 



-10 



0.0 



^iHg TiN 




^SS &#( A 142mV) 
800'C( A 4mV) 
4£-4Cnf 



-3 -2 -1 



0 1 




SSS B*S( A 153mV) 
800*C( A 1 7.5mV) 
4E-4Cnf 



-3 -2-1 0 1 
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[5E 2a] 



TiCI4 TiN/SiO2(30A) 



5.0X10" 10 



4.0X10 



-10 



£ 3.0X10" 10 
nlO 

<# 

SP 2.0X1 0 _, ° 



1.0X10" 10 - 



o.o - 



Oiyst§( A 13.6mV) 
800*C 

2^3*1 4E-4Crf 



-I . L 



-3 



J i L 



-2 -1 



0 



[S. 2b] 



TiCI4 TiN/Si02(60A) 

TiCI4-TiN(60A) Teff=66.8A 




4.0X10" 



S 3.0X1 0- 7 
S3 



2.0X10" 



1.0X10 



4E-4Cnf 

100Hz 

316Hz 

1kHz' 

3.16kHz 

10kHz 

31.6kHz 

100kHz 

316kHz 

1MHz 

_ . 1 1 i 

-2 -1 



0 
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IS. 2c] 



4.0X1 Opi- 



nio 
OjO 



3.0X10" - 



2.0X10 -7 - 



1.0X10 7 h 



°°3 



<Hyg@ TiN/Si02(60A) 

TiCI4-TiN(60A) <Hy 800" CTeff=76.8A 
~1 1 I 1 1 ' 1 1 1 •- 

4E-4Cn? 

100Hz 

316Hz 

1kHz 

3.16kHz 

10kHz 

31.6kHz 

100kHz 

316kHz 

1MHz 

J 1 I i I I i i ~ 

-2-10 1 2 




[S. 3a] 




iS. 3b] 
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IS. 3c] 



2 



6 
5 

-4 
-3 



10 



v::::v>-::-v 



2 
-1 
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